Abstract
Introduction

50
Despite considerable effort, the functional role of the mammalian efferent vestibular system 51 (EVS) is poorly understood. Anatomically, the EVS is a well-documented and extensive efferent pathway by controlling the proportion of regular / irregular activity, then it could directly control 86 vestibular plasticity. The mammalian EVS was shown to exert its largest effects on irregular 87 discharging (phasic) afferents, which is consistent with this notion (Goldberg and Fernandez, 88 1980; Marlinski et al. 2004 ). 89 We hypothesise that a compromised mammalian EVS results in reduced vestibular plasticity, so 90 we tested VOR adaptation in the α9-knockout mouse. This knockout strain carries a missense 91 mutation of the gene encoding the α9 nicotinic acetylcholine receptor (nAChR) subunit found in 92 efferent synapses, which alters peripheral input from the EVS. Apart from a compromised EVS 
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Materials and Methods
114
Animal groups and surgical preparation 115 We obtained data from 26 α9-knockout mice and 27 controls (both sexes, aged 11-14 weeks).
116
The mouse strain carrying the α9-knockout mutation has been maintained on a CBA/CaJ x 117 129/SvEv background line by The Jackson Laboratories (Stock Number: 005696). We set up an 118 independent colony of hybrid CBA/CaJ x 129/SvEv (from here on referred to as cba129) that we 119 used as the controls. When the homozygous α9-knockout breeders became old, new breeders 120 were selected from different heterozygous (cba129 x α9-knockout) breeding pairs. Both, α9-121 knockout and cba129 mice were randomly assigned to one of three groups: 1) no prior adaptation 122 (i.e. normal gain ≈ 1); 2) gain-increase adaptation (gain = 1.5); or 3) gain-decrease adaptation 123 (gain = 0.5). The baseline VOR response (no prior adaptation) was measured in 22 mice: 11 α9-124 knockout and 11 cba129 mice. Post adaptation data was acquired from a total of 31 mice, which 125 contributed to one of four groups: cba129 -gain-increase (n = 8), cba129 -gain-decrease (n = 8), 126 α9 -gain-increase (n = 7) and α9 -gain-decrease (n = 8).
127
To facilitate head immobilization during VOR recording, we implanted a pedestal onto the skull 128 of each animal on the day of the experiment. The exact implantation technique has been 129 described previously (Migliaccio et al. 2005 (Migliaccio et al. , 2010a Hübner et al. 2013 ). In short, we 130 anaesthetised mice using general inhalation anaesthesia (Isoflurane 2 -4 %). While under 131 anaesthesia we made a midline incision to expose the skull from Bregma to Lambda. We 132 stripped the periosteum and dried the bony surface using sterile cotton buds. We then drilled 3 133 guide holes into the skull (2 lateral of Bregma and 1 lateral of Lambda) and inserted 3 stainless anchoring screws and all were embedded in a thick layer of dental composite (Protemp IV, 3M). 137 Also, while still under anaesthesia, we shortened eyelashes and vibrissae to minimise irritation, 138 and to facilitate placement of the marker arrays onto the eyes immediately prior to VOR testing, 139 and after VOR adaptation training. After surgery animals were allowed to recover for 2 hours in 140 a separate cage before they were restrained and placed onto the rotator platform. 
159
After VOR adaptation was completed, we measured VOR gain in complete darkness using a 160 binocular 3D video-oculography system (Hübner et al. 2013 (Hübner et al. , 2014 Migliaccio et al. 2005 . 161 To facilitate recording we placed marker arrays onto both eyes, which allowed us to accurately showed significantly decreased VOR gain as peak-stimulus acceleration increased.
276
While the general phase response was similar between cba129 and α9-knockout mice, there were 277 differences in VOR phase at both low and high frequency extremes (see bottom panel of Figure 1 We also analysed the pre-adaptation VOR gain response during the "constant velocity plateau" 
315
The slope of the linear fit between quick-phase peak velocity and amplitude for cba129 and α9-316 knockout mice was not significant; t (1798) = -1.11, p = 0.268).
317
In cba129 mice, the mean quick-phase duration was 45.36 ± 22.83 ms, whereas for α9-knockout Role of the mammalian EVS in VOR adaptation
Discussion
388
We sought to determine whether the EVS affects vestibular adaptation. Our findings suggest that 389 the EVS has minimal to no effect on the oculomotor system, moderately affects the VOR gain, 
